Abstract--Wi th "faster, cheaper, better" pervading the requirements for present spacecraft designs, the Shuttle Small Payloads Project offers unique access to users of the Space Shuttle. "Payloads of Opportunity," such as Hitchhikers, combine for manned spaceflight customers the advantages of ground commanding and telemetry with quick tumaround and low-cost. This paper presents the capabilities of the Hitchhiker carrier systems. It also discusses typical ground integration and mission operations services available to Hitchhiker customers.
1. INTRODUCTION The "faster, cheaper, better" approach to payloads is nothing new to NASA's Goddard Space Flight Center (GSFC). The Shuttle Small Payloads Project (SSPP) has been flying quick-reaction, low-cost, highly successful Hitchhiker and Get-Away Special (GAS) payloads since the beginning of the space shuttle program. Since then, 14 Hitchhikers and over 100 GAS payloads have flown. This paper will highlight the Hitchhiker program's history and capabilities, including services available to customers. Also presented are summaries of typical ground and mission operations scenarios, as vvell as manifesting and programmatic issues. Finally, future enhancements to Hitchhiker's capabilities are presented.
OVERVIEW Capabilities
The Hitchhiker carrier system provides manned spaceflight customers the advantages of ground commanding and telemetry with quick turn-around and low-cost. As the name implies, Hitchhikers axe "payloads of opportunity," allowing maximum flexibility in manifesting by using standard Space Transportation System (STS) interfaces and modular subsystem components.
A typical Hitchhiker customer utilizes standard services for power, command, and data through the Hitchhiker Avionics as a shuttle attached payload. The Hitchhiker system allows customers to send commands and receive telemetry while stationed at the Hitchhiker Payload Operations Control Center (POCC) at GSFC. Opitional services are available for crew commarid and monitoring, if required. Two basic payload configurations are utilized: side-mounted to the orbiter's payload bay (HH-S, Figure 1 ) and the cross-bay bridge (HH-C, Figure 2) . 
History
The Hitchhiker Program was started in 1984 by NASA's Office of Space Flight to provide opportunities for quick-reaction, low-cost payloads for launch on the space shuttle. The Hitchhiker system was designed with standard, basic payload-to-orbiter interfaces and standard, user-friendly customer-to-carrier interfaces. By minimizing payload-unique integration and design requirements, development time and recurring costs are reduced. Further, "in-house" development, operations, and management at GSFC has helped to make the Hitchhiker project an extremely cost-effective means of flying payloads on the shuttle.
The first Hitchhiker mission was flown on STS-61C in January of 1986. Since then, the average flight rate for Hitchhikers has been more than one per year. Thirteen other Hitchhikers have included experiments in materials science, thermal engineering, astronomy, remote sensing, and most recently, space station structural dynamics. Table 1 summarizes the Hitchhiker mission history and those payloads currently manifested on future shuttle flights. 
M e c h c a l
Mechanical interfaces to the experiments include plates, pallets, and canisters. Plates of various sizes are available to mount customer components. These plates are then either attached to a "GAS adapter beam" for orbiter side mounting, or to the side of the bridge structure for cross-bay installation. Single-and double-bay pallets are used to mount hardware to the top of the bridge. 
Transparent Data System
The Hitchhiker flight and ground data system functions as a "transparent data system" (Figure 4 ). 
GROUND OPERATIONS

Preintegration Testing
Months prior to delivery for flight, the customer may perform a preintegration test at GSFC using prototype or flight hardware in development. This test is offered to the customer as an early opportunity to verify the function of the interfaces between the experiment and the Hitchhiker Avionics, and between the CGSE and ACCESS.
Preintegration testing is usually performed well in advance of final delivery, early enough to allow time to make any modifications, if necessary.
It is expected that, prior to customer hardware delivery to GSFC, the experiment will be fully tested and qualified for flight at the customer's facility. This includes any environmental (e.g., vibration, thermal-vacuum, electromagnetic compatibility) testing required.
GSFC Integration and Test
Upon final delivery for preflight integration, approximately eight months prior to launch, the customer performs a post-ship stand-alone functional test. This is usually conducted in a class 100,000 cleanroom facility which supports Hitchhiker integration. Throughout preflight operations, the customer's flight hardware may be accommodated with optional services, such as a dry nitrogen purge. 
Postlundiizg Operations
Following the mission, nominal landing is at KSC. The payload is deintegrated from the orbiter at the OPF and is transferred via transport canister to the MPPF. Usually, no post-flight testing is conducted at KSC.
The payload is then shipped back to GSFC for carrier and experiment deintegration, at which time the hardware is returned to the customer. This occurs approximately one month after a landing at KSC. Contingency post-flight testing may also be performed, if necessary.
Additional Information
Some suggestions to help ensure smooth payload processing at GSFC and KSC can be found in Carson [3] .
MISSION OPERATIONS
Hitchhiker mission operations are based on customer requirements negotiated with the SSPP several months prior to the mission, from which mission timelines are established. Services such as available commandtelemetry windows and special attitudes are based on these mission tirnelines. However, due to their low cost and high flexibility in manifesting, Hitchhikers are usually considered secondary payloads. As such, Hitchhiker's use of orbiter services is contingent on the availability afforded by real-time orbiter or primary payload operations requirements.
Pa~load Operations Control Center
As mentioned earlier, mission operations are conducted from the Hitchhiker POCC, located in GSFC's Attached Shuttle Payload Center (ASPC). The same CGSE used for ground testing supports mission operations to send near-real-time experiment commands and receive telemetry via the ACCESS. The P W C provides displays of orbit position, attitude, ancillary data, voice, and downlink video.
Mission Sequence
On-orbit data is recorded and processed postmission. Data may be provided to customers approximately one-month after the mission in either 8-mm tape or compact-disk format.
Additional Informution
Additional information regarding Hitchhiker mission operations can be found in Anderson 
Customer Payload Requirements
If the experiment is deemed feasible and compatible with Hitchhiker capabilities, the customer submits a Customer Payload Requirements (CPR) document for preliminary consideration. This document specifies: all customer interface requirements such as carrier mechanical and electrical interfaces; ground operations requirements, like environmental constraints and servicing; and mission operations requirements, such as power, commanding, and orbiter orientation. The CPR is generally completed, with assistance from the SSPP, approximately two years prior to launch.
Safety
Safety documentation required from the customer includes the flight and ground safety data packages, due shortly after the CPR is submitted. Due to the nature of manned spaceflight requirements, users of the STS are required to identify and control hazards to personnel and flight hardware. Areas which must be considered include collision, contamination, corrosion, electric shock, explosion, fire, and radiation. 
Meetings
Preliminary meetings between the customer and GSFC (technical interchiange meetings, or TIMs) usually begin during the CPR drafting process and continue through payload development. These are followed by phased safety reviews, design reviews, and payload operations working group (POWG) meetings. The customer works with the Hitchhiker mission manager to coordinate scheduling.
Costs
Costs to individual Hitchhiker customers depend on services required, the number of customers manifested, and who the customer is. For NASA-sponsored customers, there is no cost for standard serviices provided. DoD customers are charged approximately $370K per experiment for standard services. The foreign reimbursable co!jt for a Hitchhiker mounting slot is about !F1.2 million. Any optional services are charged on a case-by-case basis.
FUTlJRECA~PABILITIES Advanced Carrier Electronics
Enhancements to the Hitchhiker carrier capabilities are currently being developed ( Figure 6 ). One of these is the Advanced Carrier Electronics (ACE), which will provide customers with 2-Mbps telemetry capacity, stored command sequence capability, on-board data storage, and increased redundancy. More modular in concept than the existing Hitchhiker Avionics, the ACE will provide even greater flexibility in manifesting and customer accommodations.
Hitchhiker Maneuverable Carrier
The Hitchhiker Maneuverable Carrier (HMC) will provide deployment capability from the payload bay using the orbiter's Remote Manipulator System (RMS). The proposed Advanced Carrier Electronics and Hitchhiker Maneuverable Carrier design will provide a mounting plate for instruments up to 500 pounds, and include limited power and data services during RMS operations. This carrier will allow Hitchhiker customers the opportunity to conduct experiments outside of the immediate orbiter environment and independent of orbiter orientation.
These and other proposed enhancements may very well turn Hitchhiker from what is already "faster, cheaper, better" into the "fastest, cheapest, best" way to conduct manned spaceflight experiments.
8. SUMMARY After ten years of service, the Hitchhiker carrier system has proven itself as a quick-reaction, low-cost, effective payload system for shuttle customers. Hitchhiker utilizes standard interfaces and modular components to provide maximum flexibility in manifesting. By minimizing payload-unique integration and design requirements, development time and recurring costs are reduced. Hitchhiker provides customers with ground command and telemetry capability in a carrier tailored to their specific mission requirements.
To obtain more information on Hitchhikers or on other SSPP flight opportunities, please visit the SSPP homepage (sspp.gsfc.nasa.gov) or contact: 
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